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ABSTRACT

As asphalt ages, its resistance to shear diminishes due to a change in composition, resulting in the
need for repaving of roads. Current additives to asphalt binder focus on increasing the strength of
the binder, but do nothing to prevent the ageing of the asphalt binder. Lignin is a biological
additive that is known for its resistance to ultraviolet radiation. This research aims to study Lignin
as an asphalt additive, which exhibits properties that can increase the resistance of degradation
due to aging, as well as increasing the strength of the asphalt binder. This was done through the
comparison of rheological properties of aged asphalt binders with varying dosages of Lignin, as
measured using a Dynamic Shear Rheometer.
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INTRODUCTION
BACKGROUND
Water permeable asphalt blends are used in road construction to drain water on the
surface of the road. This is to reduce the glare on the road due to water reflecting on the surface
of the water, as well as to increase traction on the road. One problem with air entrained asphalt
blends is that it increases the surface area of the asphalt. This provides more area for the aging of
the asphalt binder. Current asphalt binders are used in order to increase the strength of asphalt
binders. GDOT is currently looking for additives that will increase the age resistance of roads,
while still maintaining the increased strength that other additives supply. Lignin is a substance
that is known for its resistance to ultraviolet radiation, a common aging agent for asphalt binder.
Asphalt is a product of crude oil refinement. Asphalt is the solid or semisolid deposits of
petroleum. Asphalt ages in a couple of ways that affect its properties. Asphalt changes property
over time due to separation, syneresis, and thixotropy [1]. Separation is the loss of the polymers in
asphalt binder due to their absorption in porous aggregate [1]. Syneresis is the separation of a thin
oily liquid exuded to the surface of the asphalt [2]. Separation and syneresis can both be explained
by understanding that asphalt binder is not a uniform material. Asphalt binder is a collection of the
solid crude oil after refining. This results in a mixture of polymers of varying density and structure.
Due to both separation and syneresis resulting in the loss of lighter polymers, the result for the
asphalt binder is that it becomes less viscous with aging. Thixotropy is the decrease in viscosity
over time when a shear force is applied [3]. This means that asphalt binder will become more
viscous the more you disturb it from the state that it had been resting in. The opposite is also
observed when the asphalt is allowed to rest. This results in the hardening of asphalt over time.
Additives are a substance that is commonly added to asphalt to increase its resistance to
aging. Common additives include crumb rubber, polymers, and SBS. Some additives increase the
polymerization of molecules in the asphalt binder resulting in a stronger structure that is more

3

resistant to shear than the plain asphalt binder alone. Other additives can reduce syneresis,
resulting in a lower percentage weight loss over time in the asphalt binder.
Lignin is a structure in plant cells that provides structure to the plant by attaching cells.
The molecular structure of lignin is an aromatic compound, meaning it includes a benzene ring,
or phenol functional group [4]. Lignin Polymerizes into larger structures, resulting in a more rigid
structure, which can increase the asphalt binders resistance to shear [5].
Lignin is known for its resistance to UV radiation, a common mode of aging for asphalt
[6]. Due to its known resistance to ultraviolet radiation, it is currently used in cosmetics. Lignin
is currently sourced in its pure form as a byproduct from the processing of wood for the
production of paper products. Because lignin is currently being produced as a byproduct of the
paper product industry, lignin is a renewable feedstock [5]. With most additives to asphalt binders
being petroleum products, Lignin serves as a possible “green” alternative to more traditional
asphalt additives.
DEVICES USED
Aging of samples was done using the Rolling Thin Film Oven, shown in fig. 1. The
ASTM standard for the rolling thin film oven test (RTFO) is ASTM D 2782, and the AASHTO
standard being AASHTO T 240. The purpose of the RTFO is to stimulate short term aging
conditions on asphalt. This is done by putting asphalt binder into a cylindrical lipped glass
container that is then rotated in an oven. There is an air blower that blows air into the glass
containers as they rotate past it.
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Figure 1. Rolling Thin Film Oven
The dynamic shear rheometer test, seen in fig. 2, was used to measure the complex
modulus, index of rutting, as well as the mean phase angle of asphalt samples. The Dynamic
Shear Rheometer works by heating a sample to a given temperature and measuring the resistance
a parallel smooth surface faces while rotating on the face of the sample. The sample deteriorates
by cracking on the far edge of the sample, reducing its resistance to the shear caused by the
rotating surface [7].

Figure 2. Dynamic Shear Rheometer
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LITERATURE REVIEW
Zahedi et al. researched the optimal dosage of Lignin to asphalt. Their research included
4 dosages, being 3, 6, 9, and 12% by weight [8]. The properties they used to compare each dosage
were ductility, viscosity, softening point, penetration grade, flash point, permeability index,
percent weight loss, and frass breaking point [8]. They concluded that 6% by weight was the
optimal dosage of lignin for grade 60/70 asphalt binder [8].
Gao et al. researched the effects of Lignin as an additive to PG 58-22 Asphalt Binder.
The tests used to observe the effects of the additive were dynamic shear rheometer, rotational
viscosity, linear amplitude sweep, and multiple stress creep recover tests [9]. In this study it was
observed that Lignin increases the activation energy for many reactions in asphalt binder
associated with ageing, resulting in the stopping of some reactions, as well as increasing its
resistance to ageing [9].
Hints and Bahia researched the mechanisms that let do a breakdown of asphalt binder
during a dynamic shear rheometer test. Their finding yielded that fracture was the reason for the
change in resistance to loading during a dynamic shear rheometer test [7]. These fractures start
from the outermost edge of the sample, and travel inwards [7].
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METHODOLOGY
A large canister of PG 64-22 was melted in an oven at 100 ᵒC and was divided into cans
containing 500g of Asphalt binder. 2, 4, and 6% of lignin by weight was added and mixed into
each container respectively with a low velocity mixer for 30 minutes. Each can was heated to 140
ᵒC to ensure a homogeneous mix. The blades of the mixer were placed at ⅓ the height of the
container. 50 g were then poured into lipped glass cylinder to be placed in the rolling thin film
oven. Aging was performed in a Rolling Thin Film Oven (RTFO). The glass cylinders were
placed in the rotating stage of the RTFO, and the air blower turned on. Samples were aged for 45,
80, and 100 minutes. Samples then underwent grade verification testing using a Dynamic Shear
Rheometer (DSR) to measure its resistance to shear at a given temperature. The temperature used
was 64 ᵒC. For making the samples for the DSR testing, the asphalt was heated to 100 ᵒC on a hot
plate and then poured into a rubber cylindrical mold. Each sample was allowed to harden for 15
minutes before testing in the Dynamic Shear Rheometer.

Figure 3. Flow Chart of Testing
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RESULTS

Figure 4. Complex modulus over time of aging

Figure 5. Mean Phase angle over time of aging

8

Figure 6. index of rutting resistance over time of aging
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DISCUSSION
COMPLEX MODULUS
Complex Modulus (G*) is the ratio of shear stress over shear strain. This is used in
asphalt binder to signify the increase in resistance to shear stress. In viewing the Shear modulus
over time graph, a positive correlation between complex modulus and percent of lignin added.
This displays an increase in shear strength of asphalt binder with an increase in the percent lignin
added to the asphalt binder.
As displayed in figure 4, shear modulus increased with the addition of lignin for the
asphalt binder. The increase of complex modulus can be explained by the polymerization of the
lignin in the sample, creating a rigid structure within the asphalt binder that makes it capable of
sustaining more shear force before failure. This lignin structure remained throughout the aging
process, as displayed by the continued increase of shear modulus at 40, 85 and 100 minutes in
figure 4.
MEAN PHASE ANGLE
Mean Phase Angle is a measure of the responsiveness of the asphalt binder to shear
forces. This is used as a measure of the resistance of asphalt binder to rutting. Rutting is one of
the main characteristics that asphalt is graded on for strength. A negative correlation was found
between the percent lignin added to a sample and a reduction of Mean Phase Angle, as seen in
figure 5. Decreasing the mean phase angle increases the asphalt binder’s resistance to rutting. A
decrease in the mean phase angle displays an increase in the strength and longevity of asphalt
binder. The decrease in mean phase angle remained prevalent at 40, 85 and 100 minutes of aging.
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INDEX OF RUTTING
The index of rutting is an indicator of the resistance asphalt binder has to rutting. As
displayed in figure 6, the addition of lignin into the asphalt binder increased its resistance to
rutting. The higher the dosage of lignin added, the greater the increase in the index of rutting on
average. The increase of the index of rutting and decrease of mean phase angle remained
throughout aging, meaning that the positive effects of the additive were not lost due to aging of
the asphalt binder. This is because the Lignin structure remained present after aging because it
was able to withstand the temperatures used to age asphalt binder.

ENVIRONMENTAL IMPACT OF LIGNIN USE
In 1998, Paul Asauntas and John Warner developed the 12 principles of Green
Chemistry. These were twelve guidelines that would lead to safer, and more sustainable practices
in chemistry. Lignin, being a byproduct of paper production, is a renewable feedstock. It is also a
renewable feedstock in the way that it is sourced from trees, a renewable resource. Using lignin as
an additive in asphalt binder would be an improvement compared to current additives of asphalt,
which are most commonly petroleum products.
Lignin is known to resist Ultraviolet radiation. This is a common mode of aging for
asphalt, resulting in syneresis, or the expulsion of liquid from a solid due to a decrease in the area
of a solid. Other common asphalt binder additives are not resistant to aging and are used for their
properties that increase the strength and grading of asphalt binder. Due to lignin’s increase of
rheological properties along with the addition of ultraviolet radiation resistance results in an
asphalt binder that is better performing and longer lasting than asphalt binder without additives.
This results in an increase in the service life of the road. This will lead to less asphalt binder being
used, decreasing the yearly use of petroleum products in the construction industry.
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CONCLUSIONS

Lignin was observed to have a positive effect in all three rheological properties that were
tested in this study, being shear modulus, dynamic shear modulus, and mean phase angle. When
observing the shear modulus of the data it was shown that lignin increased the shear modulus of
the asphalt binder. Samples of asphalt binder with more lignin added increased the shear modulus
more than samples with a lesser dosage of lignin added.
The mean phase angle of asphalt binder samples were affected with the addition of lignin
asphalt binder. Samples with lignin had a decrease in mean phase angle. Samples with a higher
dose of lignin added by weight yielded the highest reduction of mean phase angle. This means
that the asphalt binder is more responsive, thus being more resistant to rutting.
An increase in index of rutting was also seen through our testing. This is an indicator of
an increase in the rigidity of the sample through variable loading, thus increasing the service life
of the asphalt binder.
Lignin was shown to maintain its favorable properties through the aging process. This is
indicated by maintaining the difference between the 0 percent and 6 percent sample data when
comparing the unaged and aged samples on the complex modulus, mean phase angle, and index
of rutting over time graphs.
In the analysis of the rheological data from our samples a optimum lignin dosage could
not be concluded. This is because there was not a diminishing benefit viewed when comparing
the dosages of 2, 4, and 6 percent by weight of lignin. To determine the optimum lignin dosage
higher percent dosage of lignin would have to be tested.
Lignin has been shown to provide properties that are beneficial to the strength and
grading of the asphalt binder, but also provides resistance to the aging of asphalt. Lignin is
resistant to ultraviolet radiation, a common aging agent to asphalt binder. With an increase of
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resistance to ultraviolet radiation the service life of a road could be extended with the addition of
lignin into the asphalt binder.
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